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INTRODUCTION 
The Wyoming Legislature authorized the Wyoming Water Development Commission (WWDC) to 

conduct a Level II Feasibility Study of the Rehabilitation of Caiion Canal and Sand Lake Dam. On June 
5, 1996, the WWDC entered into a contract with Inberg-Miller Engineers to provide the Level II services. 
Lidstone and Anderson, Inc. and George Christopulos provided specialty subconsultant services during 
the study. 

PROJECT DESCRIPTION 
The Caiion Canal and Sand Lake Dam are a portion of the irrigation water collection and distribution 

system of the Wheatland Irrigation District which serves approximately 911 water users with 55,284 acres 
of irrigable lands. According to Mr. Don Britton, Manager of the District, the average water yield to the 
water users during the last 10 years is 1.1 acre-feet per acre which is equivalent to an average total water 
delivery of 60,800 acre-feet. The existing assessment levied by the District is $9.50 per acre. Figure 1 
shows the location of Caiion Canal and Sand Lake. 

A portion of the existing irrigation water supply is provided by water stored in Sand Lake along with 
diversions from Rock Creek into the Caiion Canal. Sand Lake provides a storage capacity of 
approximately 1,105 acre-feet with a 1953 priority date. The outlet works for Sand Lake Reservoir are 
typically left open through the fall, winter and early spring seasons. In late spring, the outlet works are 
closed to capture runoff and fill the reservoir. The water is then released into Rock Creek through the 
summer months. 

During the winter months, the emergency spillway structure of Sand Lake typically blows full of 
snow. In the past, the collection of snow and ice in the spillway structure has prevented the structure 
from performing adequately, resulting in filling the reservoir and overtopping of the dam. Previous 
overtopping events reportedly had not caused significant damage to the dam. Because of the 
isolated, high altitude location of the reservoir, the Wheatland Irrigation District (WID) is unable to bring 
equipment in to clean the spillway structure. 

On June 22, 1995, the reservoir filled, the spillway structure was clogged and the dam was 
overtopped. The overtopping caused a breach in the dam next to the outlet structure. In its present 
condition with the breach, the Sand Lake Reservoir can store approximately 1,097 acre-feet of water. 

The Rock Creek diversion totals 215.34 cfs with approximately 93 percent of the diversions (200.25 
cfs) associated with the District. In addition to conveying the releases from Sand Lake, the Caiion Canal 
also conveys water diversions from other District water sources including One Mile Creek and Three Mile 
Creek. According to Mr. Rod Oliver, Water Hydrographer for Water Division Number 1, the average 
diversion from Rock Creek into the Caiion Ditch during the period from 1972 to 1995 was 7,520 acre-feet. 
Assuming a full reservoir, the average water volume delivered into the Caiion Canal and earmarked for 
the WID becomes 8,620 acre-feet. Consequently, the water provided from Rock Creek and Sand Lake 
through the Canon Canal represents approximately 14 percent (or 0.15 acre-feet/acre) of the average 
annual water supply for the District. It is also important to note that without the diversion of Rock Creek 
into the Canon Canal, the delivery of water diverted from One Mile Creek and Three Mile Creek is 
significantly diminished due to the conveyance losses within the canal. Therefore, the Caiion Canal and 
the water supplies either delivered or carried by the canal appear to be very important to the long-term 
operation of the District. 

Much of the water conveyed by the Caiion Canal to lands within the District resulted from a water 
rights transfer where water tributary to the Medicine Bow River was diverted into the Laramie River. The 
transfer was granted subject to a condition that the diversion is limited to 50 percent of the basic 
appropriation of 1 cfs per 70 acres and 25 percent of excess water allotment. 
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PROJECT DESCRIPTION, Continued 
The Caiion Canal is constructed at the base of the hillside near the Arlington area. The area has 

historically experienced landslides, especially during wet spring months. Previous slides that have been 
recently documented include June, 1986 and July 13, 1995. The slope movement in 1995 caused a breach 
of Caiion Canal. The WID rebuilt the canal and maintained it open during the irrigation seasons of 1995, 
1996 and 1997. Because of the unstable condition of the hillside, there exists a potential that further 
movement and damage to the canal could occur. The area encompassed by the present slide is 
approximately 80 acres. 

PURPOSE AND SCOPE OF STUDY 
The purpose of this Level II Feasibility Study was to evaluate and develop rehabilitation options for 

improvements to Sand Lake Dam and Cafion Canal, both of which have experienced operational and 
structural problems. 

The Study was performed in two phases. Phase I included performing an inventory of system 
components and to develop alternative rehabilitation plans. These tasks included the following: 

~ A Scoping Meeting to identify and discuss the system components, problems, and project 
approach. 

~ Evaluate Sand Lake Dam. 
~ Inventory Cafion Canal structures from the diversion of Rock Creek to King Reservoir No.1. 
~ Inventory Dutton Ditch structures. 
~ Evaluate the landslide through which Cafion Canal passes, including performing a geotechnical 

engineering and geologic exploration. 

Several alternatives were developed for Canon Canal and Sand Lake Dam, which were presented in 
our Phase I Interim Report dated August 16, 1996. From these alternatives, Phase II included the 
following: 

~ Develop conceptual designs of selected alternatives. 
~ Develop operating plans for continued operation of the system components. 
~ Identify environmental issues that will need to be addressed prior to implementing remedial 

alternatives. 
~ Identity permitting and easements that will need to be obtained prior to implementing remedial 

alternatives. 
~ Develop cost estimates for the remedial alternatives. 
~ Perform an economic analysis and an ability to pay analysis for constructing recommended 

remedial alternatives. 
~ Provide conclusions and recommendations. 

This Executive Summary provides a summary of the findings of Phase I and II of this study. The 
findings reported herein and in the Final Report can be used to evaluate and plan for Level III 
Construction. 

CONCEPTUAL DESIGN 
Sand Lake Dam 

The conceptual design for Sand Lake Dam included evaluation of alternative materials for lining an 
in-dam spillway, research and selection of a remote sensing and control system to control the outlet gate, 
and develop design details. In addition, the Wyoming SE~ Safety of Dams requested that a Dam Break 
Analysis and Inundation Study be perfonned for Sand Lake Dam. The result of the Dam Break Analysis 
and Inundation Study indicated that the dam should be classified as a Class I structure. An evaluation 
of spillway capacity indicated that the existing spillway can be expected to pass 70 percent of the PMF. 
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CONCEPTUAL DESIGN, Continued 
Sand Lake Dam, Continued 
The addition of an in-dam spillway would allow the dam to safely pass the PMF. The conceptual design 
was completed in sufficient detail to promote the estimation of unit costs and the development of total 
costs for the final design and construction of the project. 

Install 36-inch Diameter Outlet Pipe 
One alternative to increase discharge out of the reservoir in high runoff conditions involves 

replacing the existing 30-inch diameter outlet pipe with a new 36-inch diameter outlet pipe. Part of 
the economy in installing a new outlet pipe is the fact that the breach in the dam has already 
removed embankment materials almost down to the existing outlet pipe, so additional excavation will 
not be extensive. Details of the proposed 36-inch outlet pipe and appurtenances are included in 
Figures 2 and 3. 

Install In-Dam Spillway 
Another alternative includes constructing a spillway in the dam itself, near the location of the 

existing trench. The purpose of the in-dam spillway is to allow spillage of water from the reservoir 
under those conditions when the existing emergency spillway is blocked. Several alternative 
materials to line the in-dam spillway were evaluated for protection provided to the embankment, ease 
of construction, and cost. Based on these criteria, we anticipate that the spillway can be lined with 
a cellular containment system, filled with concrete. Details of the cellular containment system and 
the geometry of the in-dam spillway are included in Figures 2 and 3. 

Install Remote Sensing and Control System 
Another alternative developed involves installing a remote telemetry system to monitor the 

reservoir level and to control the outflow from the reservoir. The installation includes the following 
items: 

~ Installation of all hardware and software necessary to monitor the water level in the reservoir 
and flow in the outlet pipe. 

~ Installation of a stilling well in the dam embankment to monitor the water level in the reservoir. 
~ Installation of a flow meter in the outlet pipe along with a gate valve and motor for operation 

of the gate. A housing unit will also be required for this equipment. 
~ Placement of a solar-powered energy source at Sand Lake along with a radio antenna. 
~ Repair of the existing dam breach. 

Remote operation of the reservoir will continuously monitor the water level as it rises during 
the spring. Daily monitoring of the water level is possible via a computer in the office of the WID 
and should the water level rise during the weekend, a telephone alarm system would notify the 
responsible parties at WID. The key to this system is that continuous monitoring of the water level 
in the reservoir will occur thereby providing ample response time for maintenance or manual 
operation of the gate valve before a dam breach occurs. 

Canon Canal 
Improvements to Canon Canal through the landslide area, Stations 60+00 to 83+40, that have been 

identified include: 

~ S tide surface regrading, and 
~ Lining of the canal. 

3 

INBERG-MILLER ENGINEERS 



CONCEPTUAL DESIGN, Continued 
Canon Canal, Continued 

Slide Surface Regrading 
The Geologic Report of the slide indicates that an increase in soil moisture likely caused a 

reduction in soil strength, which thereby failed under the weight of the slope. The soil movement 
has resulted in some sizeable cracks and scarps around the perimeter of the landslide. These cracks 
allow ready movement of infiltrating moisture from precipitation to enter the slope. This alternative 
includes regrading the areas of cracks and scarps in an attempt to reduce the potential for infiltration 
of water. The effectiveness of this alternative is limited to reducing the potential for infiltration of 
surface water on the upper reaches of the slope. It would not limit the recharge of the shear zone 
by other sources, such as from ground water or canal leakage. 

Lining of the Canal 
This alternative includes the regrading of the canal from Station 60+00 to 80+00 and placing 

a geomembrane as a canal liner. The purpose of the liner is to reduce seepage of water out of the 
canal, which is considered an influence on the instability of the slope below the canal. A 40 mil 
HDPE liner is considered appropriate. The liner will be placed with intentional overlaps to allow 
built-in flexibility through future slope movements. A minimum of 1 foot cover of sandy gravel will 
be required to protect the liner. Figure 4 illustrates the stationing over which the canal should be 
lined. 

Improvements to Cafion Canal in other areas include the following: 

~ Cafion Canal Diversion and Headgate Structure 
~ Cafion Canal Gaging Station 
~ One Mile Creek Diversion Structure 
~ Ringsby Ranch Transfer Gaging Station 
~ Cafion Canal Canyon Stabilization 

Canon Canal Diversion and Headgate Structure (Station 0+00) 
Rehabilitation of the existing diversion structure was limited to the angled portion of the weir 

located near the canal headgate. The upper one foot of concrete along this segment of the weir should 
be removed and replaced with a concrete cap. The concrete cap should be tied into the 
headwall/wingwall of the existing headgate structure. In addition, placement of large rock boulders 
at the proper location along the east bank of Rock Creek immediately upstream of the diversion 
structure is recommended. The rock boulders should direct the main flow path of Rock Creek to 
the center of the channel and existing weir. Finally, the canal section immediately downstream of 
the headgate structure should be lined with rock riprap to protect the canal bed and the concrete 
apron associated with the headgate. 

Canon Canal Gaging Station (Station 2+00) 
A cipoletti weir will be installed at the same location as the existing gaging station. The 

improvements include: (a) a concrete weir section, (b) steel plate attached to the concrete weir, (c) 
rock riprap bed and bank protection, and (d) protective housing and all associated plumbing/piping 
requirements. 

One Mile Creek Diversion Structure (Station 109+40) 
This structure is intended to divert a maximum of 68 cfs from One Mile Creek into the Cafion 

Canal. In addition, a headgate was integrated into the structure to serve a senior appropriator on 
One Mile Creek. A preliminary hydrologic analysis indicated that the 25-year peak discharge at this 
location is approximately 200 cfs. Consequently, the structure was designed to accommodate a 
design flow rate of 200 cfs. 
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CONCEPTUAL DESIGN, Continued 
Canon Canal, Continued 

Construction of this improvement will consist of: (a) removal of the existing diversion structure 
and headgate on One Mile Creek; (b) removal of the existing flume and culvert crossing on the 
Canon Canal; (c) regrading of the diversion channel from One Mile Creek into the Cafton Canal; (d) 
channel improvements along One Mile Creek from the existing diversion structure to the Cafton 
Canal; (e) placement of a concrete chute over the Cafton Canal; and (f) placement of berms along 
the south bank of the Cafton Canal to capture the overbank flows from One Mile Creek; and (g) 
placement of rock riprap for channel stabilization immediately downstream of the structure. 

Ringsby Ranch Transfer Gaging Station (Station 328+50) 
A cipoletti weir and gaging station will be installed at this location along the Cafton Canal. 

Similar to the improvements at Station 2+00, construction will include: (a) placement of a concrete 
weir section and steel plate attached to the concrete weir, (b) installation of rock riprap bed and bank 
protection, and (c) protective housing and all associated plumbing/piping requirements. 

Canon Canal Canyon Stabilization (Station 491 +80) 
The Phase I report initially recommended the placement of a rock riprap grade control 

structure(s) to ensure the long-term stability of the upstream canal, headgate and diversion structure. 
Following the collection of field survey data, the channel slope was determined to be very steep 
immediately below the existing structure. Given the steep gradient, placement of grouted rock 
structures is necessary to ensure long-term stability. Grouted rock structures, however, often incur 
higher operation and maintenance costs, especially in the severe weather conditions likely to exist 
in this area. In consideration of a design life of 35 to 50 years along with a reduction in average 
operation and maintenance costs, a concrete structure was identified to dissipate the energy associated 
with the normal irrigation diversions. A rock apron is required immediately downstream of the 
proposed concrete structure to preserve the long-term integrity of the structure. 

ECONOMIC ANALYSIS 
Based on the conceptual design details, detailed estimates for the construction improvements to Sand 

Lake Dam and Cafton Canal were developed. The construction components associated with each structure 
were identified and construction costs assigned to each component. Cost estimates for each recommended 
alternative are provided in Tables 1 through 3. All cost estimates include 10 percent for engineering 
services during construction and 15 percent for construction contingencies. All WWDC funding for the 
project is assumed to be in the form of a 50 percent grant and 50 percent loan. 
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ECONOMIC ANALYSIS, Continued 
TABLE 1. OPINION OF PROBABLE COST FOR RECOMMENDED IMPROVEMENTS 

SAND LAKE DAM 

ITEM COST 

New 36-inch Outlet Pipe $ 54,500 

In-Dam Spillway $ 28,200 

Remote Sensing $ 56,500 

! COST OF PROJECTrMPR{)VEMENTS $139,100 

I Engineering Costs (10 %) $ 14,000 

! SUBTOTAL 

I Contingency (15%) $ 23,000 

! TOTAL CONSTRUCTION $]76.100 

Final Plan and Specifications $ 17,600 

Permitting and Mitigation $ 10,000 

Legal Fees $ 1,000 

Access and Right-of-Way $ 2,500 

TorAL·PROJECT·.COST 

50% Loan $ 103,600 

Repayment Factor (25 yrs @ 7.25 %) 0.08775 

!ANNlJALPAYMENr $ 9,090 

TABLE 2. OPINION OF PROBABLE COST FOR RECOMMENDED IMPROVEMENTS 
CANON CANAL SLIDE IMPROVEMENTS 

.. ... .. 
ITEM 

.......... .... . .... I······ ...... > ...... COST 
. ... .. • < ..... < . . 

Slide Surface Regrading $ 34,000 

Channel Lining $ 50,000 

eOSTOFPROJECTIMPROVEMENTS I $ 84,000 

Engineering Costs (10%) I $ 8,400 

SUBTOTAL I $ 92,400 

Contingency (15%) I $ 13,860 

TOTAL CONSTRUCTION I $106,260 

Final Plan and Specifications $ 10,600 

Permitting and Mitigation $ 500 

Legal Fees $ 500 

Access and Right-of-Way $ 1,000 

I TOTAL PROJECT COST I $ 118,860 

50% Loan $ 59,430 

Repayment Factor (25 yrs @ 7.25 %) 0.08775 

I ANNUAL PAYMENT I $ 5,215 
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ECONOMIC ANALYSIS, Continued 

TABLE 3. OPINION OF PROBABLE COST FOR RECOMMENDED IMPROVEMENTS 
CANON CANAL 

Canon Canal Diversion and Headgate $ 16,000 

Canon Canal Gaging Station $ 29,800 

One Mile Creek Diversion Structure $ 53,500 

Ringsby Ranch Transfer Gaging Station $ 34,400 

Canon Canal Canyon Stabilization $ 47,500 

Final Plan and Specifications $ 23,000 

Pennitting and Mitigation $ 2,500 

Legal Fees $ 1,000 

Access and Right-of-Way $ 2,500 

We understand that the WID serves approximately 911 water users with 55,284 acres of irrigable 
lands. The WID has an existing assessment of $9.50 per acre. Based on the estimated costs for the 
recommended alternatives, additional assessments for Sand Lake Dam, Canon Canal Slide and Canon 
Canal improvements are $0.17, $0.10 and $0.21 per acre, respectively. 

CONCLUSIONS AND RECOMMENDATIONS 
Based on the performance of Phase I and II of this study, the following conclusions and 

recommendations are provided. 

1. We recommend that consideration be given to the suggested improvements to Sand Lake Dam. 
These improvements include a larger outlet pipe to pass greater flows, an in-dam spillway to allow 
additional tlow during high water conditions, and remote sensing and control equipment to allow 
monitoring of reservoir water levels, flows, and to control the outlet gate remotely. All of these 
alternatives are designed to decrease the possibility of the events that caused the breach in 1995. The 
suggested improvements, based on the repayment plan, would result in an increased annual 
assessment of $0.17 per acre. 

2. As discussed under Phase I of this study, there are several things that can be done to decrease the 
instability of the landslide through which Cafion Canal passes. However, because of the economics 
of attempting to stabilize the entire slope, several alternatives were developed. As discussed in the 
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CONCLUSIONS AND RECOMMENDATIONS, Continued 
Final Report, we do not recommend that the landslide be caused to fail. Instead, we recommend 
that two contributory factors of the slope instability, moisture in the soil at the top of the slope and 
saturated conditions in the toe of the slope, be addressed. By closing off existing scarps and cracks 
on the slope, infiltration of precipitation into the slope can be reduced. We believe that lining the 
canal with a somewhat flexible liner will reduce canal seepage and thereby reduce the water in soils 
at the toe of the slide. Unfortunately, the slope may continue to move, and maintenance of the 
canal, liner and slopes, will likely continue. As a minimum, the condition of the slope should be 
periodically monitored for new movement. These suggested improvements would result in an 
increased annual assessment of $0.10 per acre. However, additional maintenance costs may 
continue. 

3. Improvements to Caiion Canal structures have been identified, prioritized, and conceptual designs 
developed. Our recommended improvements result in an increased annual assessment of $0.21 per 
acre. These improvements can be re-evaluated based on revised needs of the WID, if necessary. 
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FIGURE 1. LOCATION MAP 
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Source: Wyoming County Maps, Wyoming DOT, 1995 Edition 
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